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MPS*»«(3gSi0eWJ) 

7>-*y*3Sy& Na2S 

*)^:*V*5g>£ Zn(N03)2 4-Mn(N03)2 



mn ■ fiBS3¥fflSC<D£3:»« E 
WJrcM F 



A. .PURE WATER OR DEIONIZED WATER 

B. .. STIRRING/STANDING IN NITROGEN ATMOSPHERE (REMOVAL 
OF DISSOLVED OXYGEN) 

C. .. STIRRING 

NITROGEN ATMOSPHERE 

D. .. AQUEOUS SODIUM CITRATE SOLUTION (DISPERSION 
STABILIZER) 

AQUEOUS MPS SOLUTION (SURFACE MODIFIER) 

AQUEOUS ANION SOLUTION, NaaS 

AQUEOUS CATION SOLUTION, Zn(N03)2 + Mn(N03)2 

AQUEOUS SODIUM SILICATE SOLUTION (MATERIAL FOR 
INSULATING SHELL) 

E. .. STIRRING/STANDING IN NITROGEN ATMOSPHERE 

F. .. STANDING IN DARK 



(57) Abstract: Composite nanoparticles which are 
nanocrystal particles independently dispersed stably 
in a suspension in a high concentration while being 
prevented from agglomerating. A given amount of pure 
water or deionized water is introduced into a reaction 
vessel. Nitrogen gas is passed through the vessel at a 
nitrogen flow rate of 300 cm 3 /min for a given period 
while stirring the contents with a stirrer to remove the 
oxygen dissolved in the pure water. Thereafter, the 
water is allowed to stand in a nitrogen atmosphere. 
Subsequently, while the nitrogen atmosphere inside 
the reaction vessel is maintained, sodium citrate as 
a dispersion stabilizer, an aqueous MPS solution 
as a surfactant, and an aqueous anion solution and 
aqueous cation solution which are to be coprecipitated 
as nanocrystals are added in this order with stirring. 
Thereto is added an aqueous sodium silicate solution. 
The resultant mixture is stirred and allowed to stand 
in the dark in the nitrogen atmosphere. A vitrification 
inhibitor may be added to control the growth of a 
vitreous surface layer. 
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*5£WU, 2mSk±<D<k¥W>* J £tl j etlWLttft (Phase) K~D 

lairMts^tiaD^^nxv^. fit, Gj&isnrcmytftvukmz. 

Wttimnm ( 3 ~ 1 0 Mm) t^oTVi^ — flf*^ 3 >m<Dftm 

->3>-f^x7V-< (SAT, FEDt»t§. ) , lI/^bn-Jl/$^yt> 
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-tx<Dnytm*7<<—)\'\ i • y> 3 > • -t^ (fed) ^w»iSfflfb 

S fife *It3tlcSf f 1:1 l/TV> 5 . 
=S6*©^-yi^-fX©m3t#:©«Ji^J*^UTtt, 1 0 - 3 1 0 7 7 0^ 

fc5S3tefcU^S^X^;^— *««J&$nstSB«S$nTViS 0-3 10 

Ifc^Z n S : Tb0^B^7X^3-f>yifcf)feMi 2 0 0 0 - 
(-S i O-) n l7?^§. 

ztifr? )v$l<d c-sio-) B &w.mM5 z£-enTmmm\z&ttz>&y£%>m 
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<Diknmmm<DW.&&^?%f&mm&mz&^Tftm<DW&&m?&^y * U * 
©fiat^ffittt^cDcfca^raHjfe&^rbTv^. tsoi^fes-w^M 

Kij&JSJiSJSft^T-rCfcWIftbTb*^, Ifi^PlMXtfZ nS0^-7m 
±d*nt±^t<^:oTbf 5. tot, C©»*bfcm3fc*tm*fc*«« 

z\z.-v, tamm^-v-i m^mv&tbmM&nmizmm-r&o t^xi: 
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• ^if • ^t^] Z:\,*vit1B.&&t>l£1fi±Vf*>tlZ>.mX-tts CdS/S 
i0 2 , CdS/CdSe, Au/S i0 2 ^#^^tl5. 

3&:R»*«fflbT«[^|r5±©***Hr^ HIT, i^X^>^ a >^P\Zlk%W 

Stfr<b&D, MIBnTSBO^ffl^MIB^-y * u ;^^;^©*&^lte£*i^&-rss^'& 
tt^tiinj; o&m&mm-rz&stz&f&tstiitz.ii&ftmt'tZo 
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itm^xs^m^mmo^Tx^ttrnz x v mmiz&j&znz z\ t §#ttt5 

o 

mm^^T^mwmm^^r^mmmm^M^zsHm, -nh 3 i§ 
T&mmtf^xwn&Mj&TzmmfrZfczmw&ttn&s i o, sio 2) s 

iN, S i ON, Si 3 N 4 , A 1 2 0 3 , T i O 58**nfcfc'&4&£^/£# 

>Rtb'J^*?*D, MfB^M^tdf^J^-^ (R x O) (R 2 0) (R 3 0) 
S i -R 4 - SHX'^?m&<Dmmf&5TM\Z&m<D&&*S&*X'&2>Z.2i&ft 

itt§. UVs R 1( R 2 , r 3 , R 4 «x;i/^;i/*o 

gjf5fc<£>i&fflfg7Jl<Z)fi!BJm, ty^'J^^;HS^ZnS :Mn, ZnS:C 

K ZnS :Cu, A 1 , ZnCdS : Ag, CK CaS :Eu, CaS : C 
e, C a S : M n * CaS : Cu, CaS : Sb, CaS : Eu, Ce, CaS 

:Sm, CaS : Pb, CaS : Gd, C a S : T b, CaS :Dy, CaS: 
Ho, C a S ; E r > CaS : Tm, CaS : Yb, MgS : Eu, MgS : C 
e > Mg S : Mn> SrS:Eu, SrS :Ce> SrS :Mn, B a S : E u 
, BaS:Ce, B a S : M n &^fcmfcm3fc£M£^T& 2>ffi?k<Dmmf& 5 
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&feikmRz$&mmmm<D&ftTx&tt:mz£ r> mm\zmmr^i:ut. mma* 
mmmm <z>^® \z -r / +f--r xomm-y s <t ^ -r & z. t 

i^t, mm^mmmM^Mi^\z-NH 3 m. -coo*, -poo*. so 3 s 
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&m © ^-r n^x & & z t it & £ . 

dh;w hU^h^-> ->7> (mp s) £££*Hft£-r &<> 

*Sh&*S i O, S i 0 2 , SiN, Si ON, S i 3 N 4 , A 1 2 0 3 , T i 0 2 fr£ 

m&mfcrzjiMiz&^TMffiti&mi'x.jvm&tr'CWt?- h u^ATf^^ns e 
jn^©iMst^^T, m^&tJcmz&vj&f&'r /tfc^tfz n s 

: Mn^ ZnS:Cl, ZnS:Cu, Al, ZnCdSrAg, CK CaS 
:Eu, CaS: Ce, CaS:Mn, CaS:Cu, CaS : Sb, CaS: 
Eu, Ce, CaS : Sm, CaS : Pb, CaS :Gd, CaS:Tb, Ca 
S :Dy, CaS :Ho, C a S : E r x CaS :Tm, CaS:Yb>MgS 
:Eu, MgS:Ce, MgS:Mn, SrS:Eu, SrS:Ce, SrS: 
Mn> BaS:Eu, BaS:Ce, BaS: Mn*> fcS&nfc&^tti&^T?* 

mmi5mz®.mT&$&mmw<DMmT*&Q, %3m\z. *^0j©^^^m^©s 

»ttSB&^?-8l5S;EI"r&?K i4 0tt, *«W©^-yif-1'X©«:^©«?^«l® 
SK-*JEflll§n?&D, Sg60te, *56^©^-/-y--f X©m5fc^©*ffi^»ft©M 
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•kSSBSE*'^ hJ^TfeO, fjl8Elte* #3B3r©Z n S : MniMOH^t 
/^©HSfftJB^J* (TEM?S) t^. 



3! 93 £ ^JST 5 «> © ft ft © 

£i5SH»i^#:> nS:Mn, ZnS:CK ZnS:Cu, AK Z 

nCdS. :Ag, C 1 > CaS :Eu, CaS : Ce, CaS :Mn, CaS: 
Cu, CaS : Sb, CaS:Eu, C e * CaS : Sm, CaS:Pb, Ca 
S : G d, CaS : Tb, CaS :Dy, CaS :Ho> C a S : E r ^ CaS 
: Trm C a S : Yb> MgS :Eu, MgS:Ce, MgS :Mn, SrS: 
Eu, SrS:Ce, SrS :Mn, BaS :Eu, BaS:Ce, B a S : M 
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(R x O) (R 2 0) (R 3 0) Si-R 4 -SH ({Q 

r„ r 2 , r 3 , Rjtr)i^)vm) xi&i*nz>o ft^ifc 

^t3-^;P*yh^Dfc!;>hU^ h^v^V (MPS) 
ffi M Z> <fc 5 #t $ tl T V o 

mflX& 3 0 0 cm 3 /m i n <DffimxmMmm\tltiii!)**>X&~-7- 1 7T 

UT*;Hl^^>'M§2fiK±ftl.^StT^§^I>llt h u ^a© 1 ~ 1 
U J* h^v'v'^ > (3-mercaputopropyl trimethoxy silane) (MPS) 40~4 

ti9-^r>7Kmm^mM(Ditm wx.\£t— 1 ■ 1) fcjfc* 
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u;h?i^ ?LmMi&, :ti/-r>i£Mf&, #:/u;n»#&, ^-v^jvmmm. x 
f7U>im ^xvum&k 3:m«iiE#&, 7n\f#>mwm. ^jv^^> 

4~5. 4wt%^JPbfc^> «#m^m^Hm<DS^Pt0fT#«1-So 
OO" $3i^^X>t^t>!!)«SnTt^. 




10 



WO 2004/007636 ^ ^CT/JP2003/009032 

o 

£#X>BK:*->- (CIT1 ©'7^tX-l't>t$5COO- * 
Mb^SS 3 ) 

COOM COO" 

I ► I +2M + 

COOM COO" 

(>fb^4) 

CH2-COOM CH2-COO" 

| | + 2M + 

CH2-COOM CH2-COO" 
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h-c-coom h-c-coo" 

I + 2M + 



MOOC-C-H "OOC-C-H 

COONa COO" 

| ► | + 2Na + 

COONa COO" 

(ft;^ 7 ) 

CH2-COONa CH2— COO" 

I | +2Na + 

CH2— COONa CH2— COO" 

8 ) 

H-C-COONa H-C-COO" 

+ 2Na + 



NaOOC-C-H OOC-C-H 
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MP SK^S^M^fFt S i 0 2 }gfiJt©^*-XA^^^Tg»W-rs. 
MPSH TIB'ft:^9T75T«k , 5fC, TKJSSt^T^aibT**© S H»*« 
S" S^tt^MP SMC§. H©S- n S : MnM©t;S? 

©, l«i©Zn 2 + RU!Mn 2 + i:{M^^Mt5fc©tf^&n5. 21© 
fc&fc, ^*©K*tJK***»D3g$n*W^W«:K*fc«S^0, MPStZ 
nS : MntWift©F B 1i:#tl:^@^g^«^^ti, ^®^^«Tafe^> 

(Yb^9) 

(CH30)3SiCH2CH2CH2SH 

^ (CH30)3SiCH2CH2CH2S"+ H + 

fit, taiB^tfifsnfcMP s^inzK^^^iib> TEft^iofcsn 

«t^5£ 1 0 ) 

(CH30)3SiCH2CH2CH2S" -ZnS:Mn&^*+ 3H20 
-*(OH)3SiCH2CH2CH2S" -ZnS:Mr*£^*+ 3CH30H 

21©M P S CDOHS^-fSt h U *7 A (7jc#9X> ©^«l:#St§OH 
S i O 2 Si^tt5*7X^0«6*^x;l/l4T*5<fi*">iJl'»*»»a 
Uttt 1 1 ) 

(OH)3SiCH2CH2CH2S _ — ZnS:Mn1t^+32K^7.— OH 
-*(2K^X— 0)3-SiCH2CH2CH2S" — ZnS:Mn^#+ 3H2<D 
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i O, S i 0 2 , SiN, Si ON, S i 3 N 4 , A 1 2 0 3 , T i 0 2 *v&I«n 

^ I > 1 1 h 'J ^ A ttSIi^SSJ 1 1 T Z n S : Mn 2 

©mps \,z*m<DSHwm : m\z&Y)§[i;y£&mm&&mL, ^^tKom^mt^n 
10^712 h^mmm 3 ^^tt^fc* 0 hwpicj&jsu 

yfe^Z n S :Mn 2 VS i O a U ^;H»3fc# 1 S^tSili:^ 

, ^<D^jDOJl#^^X>mN a, MPS, * XDMizT^ C 

180 (a) (b) (c) 0TEM?*}r«, *-n-£nifi& (a) 3. 6nm 
(b) 2. 9nm (c) 4. 4 nm©S?SI©tf W$nT^5. 
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fe^mmfe (a) 0. 24nm(b) 0. 1 6 nm ( c ) 0. 26 nratfeQ, 

(a) (10 2) \Z (b) [i>)JV^ISi0 (2 0 1) \Z (c) W: 

^;i/^yiSM(D ( 1 0 6) JCJSM^tl^o ^nfc<fcD, ZnS:Mn 2 + ©W 
«*ttt#;Uy«;3!T!i&3. i8i (d) Tte, il^t/tf ©ifflldil nm 

^J<hUTjP^.fc^X>i?Na«, »«#T?N a + *««lttb, C O 0-&fc!fcft:P 

d^ZnS : Mnt; SIl;ft#i^l/T, ^ 7 tH^± (DM 

MPS 0^t>MP S Id^oT^fCtt© ^V^^y^^T'&^-e^fco 2 
i;i>iN a ?t%XZ> Z\ ^Klck^T^CD^tfctt^lRlJfrSfc*, MP S f£«fc<5 

% i» <d ^R^»ft*» ft £ ^ £® c e> & v> c £ a**? s . a* > f ^ y y 

;i/^—E gfcfc4. 13eV> A E g = 0 . 5 5 e V, %L Z ?J6L&2. 7 nmT&o 
t^OSi^THSnfcZnS : Mn 2 VS i 0 2 37 • ^x^Sfc©* 

ux^;«ft©s i o 2 m<Dj&&&w±?zz£\z&Q'5E\ziBim&V3±vitft 
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X. Ml/fc^I^ 3-^JV*^h^nlfJl / h'J/^^'>7> (MPS) m 

jSOlOffl^Plt^Zn S :Mn 2 VS i 0 2 3T • ^:r:;VM©¥#ft<£>^£^ 
b#*U £<DMP S CD£jStei5< HJb^ZnS :Mn 2 VS i0 2 37->i 

<fcD, 1/7 S~ JVt- S i -O- S i (CH 3 ) 3 <D*H tC^T £<£>T )Vm 
%>Z\ htf!*Sm\Z?3i*ofZo 

mpsh m{kmmytfa<Dmffi\zfem&i>^-r^-t)^ m^m^mtm^m\z\t 

MPlU. GaN, InN, A l N \Z\£ 3 - 7 ^ J ~7 o \L)V Y U X b * z/ s s <y > 
*®im-?Z><, ZnO, ZnO:Zn, SrTi0 3 :Pr + m<Dm^iZ 

Jg 2 m\Z^TKJt^m 1 3 tc. ^t>7K^9 0cm 3 $An, ^m#X<Sr 
3 0 0 cm 3 /m i n©iSlI^Xfti&f 1 4 «£ D 1 3 rtian, 

^^f^^ftaiK mmmmm. #^>$m> 7^>m ^^xw (~> 
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(mmm i ) 

cm 3 SiJPt5, MttT, SffiiibTMP S04 0 OmMTKgf^ 1 . 
Ocm 3 ^3)Dt§, 7^t>Mtl/TNa 2 S0O. 0 8M7jci£$i£ 

5. 0cm 3 t, #^*>*m£ LTZ n (NO,) 2 ©0. 1 MzK»*<£ 3 . 6 
cm 3 £Mn (NO,) 2 0O. lM3K»i8£0. 4cm 3 §7^t>W, 
^->*r3|BKOIEtC»JPT5. S i0 2 §±^tt5^7XMtlW 

tth'J^A05. 4wt%7jc^t^4. 0 c m 3 £SJD bfc^KlMJ$> MJft£ 

em^ckD, £JftWg§l 3fifctttt*#ttfZnS : Mn/S iO^Mb 
fit, E1<Z>R«#»1 SrtlC^IR-rSft^lfc^tt, 14BgItT 

ltiaf7^>^3>»ZnS : Mn 2 VS i 0 2 f^§WTM$ 
# & v> £ v> -5 fg^^# £> tlfc o 
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5fcS«MS5'x;PSB©'&j£«, Z n S : Mn 2 + /S i O 2 1 mU~C& 3 . 

, r#, -£-ne>©7Kfti«&^a«*s. 

(«)«feU»>A**«J*l««** iftflS-feUtfA SBBHrU^A ffiSm-feU^A, 

•fey * A&*tr#*ttttJH iit'j^A i/a^t'j^A hU7;i/t 
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y v>m7km-?>#> m&mm^yfly ^yyym^y^y. Rtf* t 

^y^y^tsmmmmm wm-?yfiy y >#> *m-?>x 
y ^wym^yfiy ^m^ytfy ym^yfiy %y°V)im^y 
iS> w^-jim^yfty T.f-yvym^yfty^ ~Bct$, Jtn*><D7km%>} 
&mmT&&.mz (mmmi. 2) tmvT°&z>o 

m) m^tsuMmmm mtm mmm mmm fkitm ^yitm m 

m^ts^mmmm mmm ^®omm hU7Mn^^>7j^>K 
m ^mmm my^)vy^b^-b m^y/^^y± by— b 
mm 2 -jL^-^^^ymm mmm -xv^ymm y ?u^y~ym x 
"rTvymm ^uy-yrs. ymmm— m* -^-fts^zfcfnij 
*®.m-?z>£kft\'$. (mmmi. 2) tmc-v&Zo 

yy^^y^tsmmm^m mtyy^-^y mtry^^y m.yyit 
yy^^y 

CaS:Eu 2 + , CaS:Eu 2 + , Ce 3 + 

^l«7p ¥y2±&<stsmmmm.m mt^yu^yj* mm^yu^yi*. & 

zf, -€-ft£><27jc*n^ 
nyu ¥y &%<er&mmmikm mm=Lyu tf^A y^ym^-yu fcf y, 

ri*\ ^nz><D7kmy>} 

•feU#A«-&t*3K«*Jft« tt^-feU^A ittU7^ ISK-feU^A, 

D^7>xj^>tfj7A> ^n^(D7Km^} 
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C a S : Sm 3 + 
C a S : P b 2 + 

tt^^trMfilMSI ttfctt «fc-5fl5» 58m$& jKRtt fiftS££& 

m^^mmmum mnm <xhm^ -worn® ^y^ymm 

C a S : Gd 3 + 

C a S : T b 2 + 
If 

C a S : D y 3 + 

5**:/n->tf A&^tfW«BMfi£ h'JX (2, 2, 6, 

;i/-3, 5 - s\7?>i?*3— h) ^^a>">A li^yn^A h 

C a S : Ho 3 + 
C a S : E r 3 + 
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>>A 

x;nf#A£-&tfW*Ifc&S : x^t'^ATt^ytht- h x;nf t>A 

C a S : Tm 3 + 
U^7A 

C a S : Y b 3 + 

<?A TO-f7fJVb^A 

-f y^nf^A&frtrwaKiftjH : MKyy-;nf#A bUX (2, 2, 

6, 6 - t- h "y^J-JV - 3 , 5 - h) -T y xJUtf^ A h'J- 

i-^o^w ^^;vtf^A 



iW^*v"y-A 'J^V^y^A 
o.«j7Dtf>A^^-tf^m±tM : ^bn^atf^A 5gm^-^nlf^A 
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(HIM8) t^t/tf®37MMgS : Ce 3+ (B) ©»-&©*J608 
(Hffi#J 9) ^^/li^OPT^Mg S : Mn 3+ (afcflO £>i§£-<D^2& 

v>^>^^-^^^mii^ 5jm^>#> mk-?>%> mm^>i3> 

(HiSM 1 0) I^7-;Sf©3 7WS r S : E u 3 + m) <Dm&<DmffiM 
m-j->Un X bP>^A£p^Ptfr>A£-^tJ > &m4£ 

& xs ^ <d tk m m ffi & % o 
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1 1 ) M&-}-y%L^<DnTffi7fiS r S : C e 3+ (ft) <DM&<DmMM 
•feU ^A^trM^^ m^b-kU^A 5ii!-feU^A 5tt"feU^A* 
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